Using This Resource Learning Lens:
The Learning Lens tool can be found on the right sidebar of each resource and is the source of annotations. Clicking on any of the headings will result in corresponding text of the research article being highlighted. A second click on the highlighted text will produce a text box containing more information about that particular piece of text. Below is an example of the Glossary function of the Learning Lens in use.
ARTICLE-SPECIFIC MATERIALS Student Learning Goals:
 Connections to the nature of science from the article o What can we learn from applying mathematical modeling to a biological process?
 
Common Core English Language Arts Standards:
http://www.corestandards.org/ELA-Literacy/RST/11-12  RST.11-12.7: Integrate and evaluate multiple sources of information presented in diverse formats and media in order to address a question or solve a problem.
Summary of the Article for the Teacher:
It is recommended that this not be used by students in place of reading the article.
General Overview:
The problem
It is a matter of common experience that a virus infection can be asymptomatic in one person but cause severe or even fatal infection in another. The human leukaemia retrovirus HTLV-1, for example, causes an aggressive, usually fatal malignancy in ~5% of infected people, and an inflammatory disease of the central nervous system, known as HAM/TSP, in another 2 to 4%; but 90% of infected hosts remain well. The virus that causes these diseases is indistinguishable in sequence from that found in asymptomatic carriers, strongly implying that the outcome of infection is determined by differences in the host response. A much smaller proportion (~0.3%) of individuals remain well, without treatment, during infection with HIV-1.
This work was instigated by an experimental paradox. Cytotoxic T lymphocytes (CTLs) are known to play a central part in antiviral defense, and were thought to be critical in determining the proviral load (the percentage of infected lymphocytes) and therefore the risk of disease, in infection with HTLV-1. But the frequency of HTLV-1-specific CTLs was found to be very similar in asymptomatic HTLV-1 carriers and patients with the inflammatory disease HAM/TSP; while the proviral load differed between these two groups by up to 1000-fold, the difference in CTL frequency was between two-fold and 10-fold.
The hypothesis
We therefore hypothesized that the critical difference between asymptomatic carriers and patients with HAM/TSP or, more accurately, between individuals with a high HTLV-1 proviral load and those with a low proviral load, might lie in the efficiency with which HTLV-1 specific CTLs responded to antigen at the single-cell level. This response would be shown in two main ways: proliferation of the CTL, and killing of the virusinfected "target" cell. We called this property of CTLs the "CTL responsiveness," and we distinguished this single-cell property from the whole "CTL response," which is simply the total number of CTLs specific to the virus in a given host. In retrospect, we should have made a better choice of terms, because the terms "responsiveness" and "response" were confusingly close. The term that is now most widely used for singlecell CTL responsiveness or efficiency is "CTL quality."
The approach
We formulated the mathematical models using parameters that were, at least in principle, experimentally measurable: the population sizes of lymphocytes and viruses. We tried to use the smallest possible number of parameters, following Einstein's dictum that everything should be made as simple as possible, but no simpler. 1 The models were applied to experimental results from the two different pathogenic retroviral infections of humans, HIV-1 and HTLV-1.
The models are ordinary differential equations. Importantly, the equations are interlinked, because they share parameters. Consequently, although it is possible to intuit a simple result from a single differential equation, the interdependency of the different equations precludes intuitive inferences on the behavior of the whole system. It is therefore essential to use computers to calculate the behavior of the cell and virus populations. The book by Nowak and May 2 explains the underlying principles of this type of mathematical modeling and shows how it can be applied to understand the dynamics of viral infections.
Topics covered:
 virology  epidemiology  mathematical modeling  differential equations
Why this Research is Important:
The most important consequence of this work was to focus attention on the efficiency or quality of CTLs at the single-cell level. Since 1996, a great deal of experimental work has demonstrated beyond doubt that CTL quality is indeed one of the chief determinants of the outcome of a viral infection. See Bangham (2009) for a review. 3 The second main implication of our work was the important conclusion that you cannot infer the efficiency or quality of the host immune response to a persistent infectious organism from the magnitude of that response during the steady-state infection. For example, the frequency of virus-specific CTLs in the circulation gives no guide to their efficacy in controlling the replication of the virus. From this conclusion, it also follows that the response to an immunodominant viral antigen, for example, the antigen recognized by the largest number of CTLs, may not be the protective immune response, and indeed there is experimental evidence for this conclusion. These conclusions influence not only our understanding of the immune response to persistent infection but also the choice of viral antigens that should be used in antiviral vaccines.
Methods used in the Research:
 Mathematical modeling based on data collected from virus interactions with hosts
Conclusions:
The behavior of the models strongly supported our hypothesis that small changes in CTL responsiveness or "quality" could be sufficient to cause very different outcomes of the infection; that is a very different viral load during chronic infection, and a different risk of virus-induced disease. The models also provided a straightforward explanation for certain counter-intuitive observations. For example, a positive correlation between HTLV-1 specific CTL frequency and proviral load is observed in vivo. At first sight, this suggests that CTLs fail to control the virus infection. However, there is strong evidence that the CTL response limits HTLV-1 proviral load in vivo. The models demonstrated clearly how this positive correlation arises, and so resolved the paradox.
